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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gallium nitride light-emitting element in high slope 
efficiency and high-reliability with its life prolonged by suppressing a braking of the end surface 
of the light-emitting element during the high-output operation of the light-emitting element. 
SOLUTION: A gallium nitride light-emitting element is formed in a structure that more than one 



layer of low reflective films having refractive indexes lower than that of a gallium nitride are 
laminated on a light emitting side mirror surface, in such a way that the refractive indexes 
become lower in order from the light emitting side mirror surface, and the first low reflective film 
directly over the mirror surface is formed of one kind of a material of either selected from among 
a Zr02, an MgO, an AI203, an Si3N4, an AIN and an MgF2. Moreover, a protective film consisting 
of one kind of a material of either selected from among a Zr02, an MgO, an Si3N4, an AIN and an 
MgF2 is formed on the mirror surface and a high reflective film formed by alternately laminating 
low-refractive index-layers and high-refractive index layers is formed on the protective film. 
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&3ffilflMBftl?$iSji, ^/ty*©* — ft^fipif 

«t o TBfig$nfe@T*fe ^ £ 5 ttn-ft 9 0 mm LZ, 
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pStf-f KB 4 l*»Jgj«arh, fO±tttpiAlGa 
N/GaNHft5pe7-> KJB4 2*s^$n, p 



S*5*s» KJS4 2©±£«\ pSGaNit>f,!5:2,pl3 

3±(Cll©i6ii6 0©rapgi5^^bTpffl9««8 5 0 

«7 O^M^nt^S. 
[0 0 2 8] E L O G««a!tJBjsS3r*lfcaYb«8*»» 

e£*rf sjhhhkhu m«, mm* 11-1916 

7>F-:7VDGaN«fct)fc£>!gl©^b^* 

m-fam*®,^ mz\ y,Y5>^y^<Dy^v^y 

i 0 2 ItftBj&U tt^T* R I ESitJ; !) S i 0 2 
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n^n><$7^ ha©«H$:i>>5 L >^ti»3gtbl$ 
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[0 0 3 7] ^7 7 7lMt, TMG©M«) 

T, Sff* 1 0 5 0°Ci:T-±# 1 0 5 O'Ct* 

30 -7GaN§3 3J 2 jumommx- tz<> *<D 

ik, xh7j7tii(Dy*hy7,?*Mmis, y^nv^m. 
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{c/^-^></g?tlfeSi0 2 I*)BtfU «V^Tx R 
I E^Bti t) S i 0 2 JK©^J5K$tlTV>^V>gU^©T 
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133 i:T> K-7GaNi3 4 t A» ?>)6:S TJfeJffcJu 
*?*JS S*JB©JSEftt*V\TlfeKi: LTftffl 

[0 0 3 8] SSI 0 5 0-CT", ifiC^CT 

MG, ^M^^(C^5>p!J^ (S 

iH, ) Si53x 1 0 1 8 /cm 3 K-7"b 

&GaNH45nl3^^ hJI3 5 5 4/im©MJ? 

50 [0 0 3 9] ifcic, ?g«$:8 0 0°C^LTs mnXXiZ 



( 6 ) 



32002-1 0 0 8 30 



TMG, TMI (MJ^^M-^sa) Rliry^- 

1 O 1 8 /cm 3 F-7LfeIn 0 . „ . Ga 0 . . , 
N«t D&5^7'^M|3 6^^0. 

[0 0 4 0] l o 5 0-CiCLT, 

£TMA (hi) *TJV7)l<$.-<y&) , TMGM7> 

TOMMtafcUTS'Svjtr^ftjav^ si^ixio 

1 8 /cm 3 K-rbfcOaN*2 5AoiWTia** 

[0 0 4 1] ASi 0 5 0-CT\ fiW^CTM 

G - ^>^-T£ffil\ 7>F-7-OGaNJ:!)«i5n 
S^KJi3 8ftO. 2Am©imffTj^S^-&fco 

[0 0 4 2] MSt*8 0 O'CCU JRW^fcT 

>#*£/i1<,\ S i£5 x l 0 1 8 /cm 3 K-7"b£ 
In 0 . o 6 Ga 0 . » s N «fc tj&.g.pfgjg (BJi) £ 

i o oAvrnmr-mmzittz. m^x, s^>#*£± 

«>, 7cDIn 0 . a Ga, . 8 

M (Wig) ^4 0A©HMffT-fi£5$-a-s. pf^Si:#^ 
Si:*, Ba-W«-B®-W«-Bg©«ic®jiU 

«bm» 3 8 0 A<D%mm?#F*mm<Drs&m 3 9 

[0 0 4 3] fig8 0 0°CX\ mnxzizTM 

p 2 Mg (^^D^O^^-ji-^v^^^A) 
V\ Mg^lx 1 0 2 0 /cm 3 F-71&A1, . , 
Ga„ . , N«t Qfe&pM^-V 4 0*3 0 0 A© 

[0 0 4 4] &iz^ ««* 1 0 5 0iCfcLT» 
tCTMG, T^=E-T^m\\ 7>K-70GaN«k!) 
&5p^KI4U0. l//mCDJ3gffT'^S^-& 

* s v Pffl*+s»:TJf 4 0*6©Mg©tt«cfc,fc») N Mg 

mm&i x i o 1 8 /cm 3 'ksmpa^t. 

[0 0 4 5] fcid, Sftl 0 5 0-CTn Sfi^fcTM 
A, TMOfiV7>t=7*fflV\ 7>K-7CA1 
o . i Ga,. . N£2 5 A©&#TJ5Jtfi£i»\ ffi,^ 
X, TMA^ift, T«»3Sf^i:LTCp a MgSffl 
V\ MgHx 1 0 2 0 /cm 3 P-7lfcGaNt2 

5A©jijpT-fie«^#^ 0 -©m^saaEStn&jgu 

T, 8SMJP0. 6>uin<Dja»?«IJgJ:53fcSpS^5s; 
[0 0 4 6] fflfti 0 5 0-CTv M^^tTM 

MgSlxl0 ! 0 /cm 3 K-rufcOftNJ: 



10 



!)44pa3^^ h«4 3^2 5 Aommx-Mmz-e 
fe. 

[0 0 4 7] fiJSHT*, fiJ&SSSrtfcii^T, 
^^fl^t, 7 0 0 , CT7--'J >?%ft\,\ pi 

[0 0 4 8] &±<D£5tzLxmtm*im&m&if& 

i0 2 ^^ft^jEKU R IE (fijfate-r 
10 ^) CT*y^>^Sffvv nS3>^^ hJI3 5©a 

[0 0 4 9] f±l©pS3>^^M4 3ffl 

iJBl/&nS3>^^M3 5^jij Cs ws 

1. 5/imffiXf7^7i^Ji5Si0 2 77^SIfiE 
bfe„ Si0 2 RIESfflv\ pl^7 7 

f F*4 2 4:pffljff-f Kg 4 lfcClMBttiS*-?:^^ 
>^£f T V\ Hi. 5//m©^ (ij 

20 [0 0 5 0] 'jy S>«£jftfc SiO !? 7^ *ATtffc* 
patt4bf^«fMte>*BK:zrO, «tt)«:6»i 
«16 0WLfe. -©^l©«gi^M6 0(i, * 
-fn<H!|«g5 lMS^^bTflo|6il60$ 
*^«»*«»JiO*lS«:JKJ« LT * «fc^. » 1 attlHK 

hS4 3±fcjgtfu&s i 0 2 v*****l|»£U U 

7 h^&cj; !? s i O s v^y^^YM 
4 3 (*6fcttnS=J>^^hJB3 5±) £&3ZrO 
2 £Pfc£bfe. IfflZrO, ^W<D3fetf}ftM||ftH 

aiSfcs 81©«*flt6 0fc»LTNi/AuJ;»)&« 
P«Iffi5 0^h5^7tt^Lfc„ nS!3 
* hjg 3 5 ±©^H (S^lg 1 ©J6IUK 6 0 C» b 
T) CTi/AlJ;t»jfe5n«»|i5 l£*h^7# 

8 0:2 0©ffl^T\ 6 0 0°CXT-~V >^Ltp« 
«« 5 0 i: niim«i 5 1 fc^&fb bT> ^ * 

40 

[0 0 5 2]ifc{c s Si0 2 *^%5f2ffl«6 1 

*±mtzmm b, p^mss sot niPjiafii©-g(3^^^ 

T% p«!l«SS5 0£nffl!imffi5 1 ©-a5=&SfcB?*fc. 

yt&.Mmtm<Dm&Mm<o-&h\sX, i^ht-« 

[0 0 5 3] ^2©$6^M6 ^» K«M7 0 

i: LT pflttpSUMs*j|&«fMI±®Jg 2 ©^Jl 6 1 
50 Wp«tl5 0^I^J;5(: % *fen{PJltt^2©$fiig 
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MS 1 CD— g(5 1 n0JJ««E 5 1 looig-c 
N i1?e>tji%®mm*l 0 0 0 AcDMJPT-f^Lfc. £ 
3gjBJl©±£T i*>£>&3A'JTBft 1 0 0 OA 

ommr\ iinAu^8o o o a©bw?jbj5Ul&. 

[0 0 5 4] p«WIfcn««ifc*iBj«bfe £:*>>© 
■y-7T-fT»R*Bf»bT7 O/zmfcbfc^ ^h7^ 

U -^HS (11-001, A^titt©S!iit©<PJfflC 

*is-r*a=Ma) cw$«bfc. d©&jg§§i± 

^y^^fcJ^T^j&StifcfcCT-fc <fcv->„ 10 
[0 0 5 5] »iS^©^ffiW{PJl^®{C> 
*BftfflV\ ZrO,4»6ft4»lfflfiS»Ki:SiO 
a *63fe4SB2 0fifiWJKftJK«bfe. 3§1© 
fi£ftft2:Mf2cDffi£a^JR®OUr»:, **i**u 470 
Ai:6 9 OAfSS. — ^SSl^Ita, *yl<s> 
*^SftfflV\ Zr0 2 *>&&«filKgt&|£jftU 
T*, Si0 2 £Zr0 2 hftSJSfrS^TWBbTitSS 
MKftBJftbfc. ccf, OMfc, fcKftfffilftfltJjg-r 
SSiO.itZrOilClSIt 470 
Ai:6 9 0Ai:4 7 0AtfeS. ^UT, Ittpfli 20 

[0056] w&tijbi/— tf«?st-h->>^tiae 

m.2. 2kA/cm ! , b£l^fitSJE4. 2VT\ #8Jfi 
«^4 0 Onm©£tt&HgtfflfegKStu #*ttJt««© 
^©S&^fclt^Tl. 8ffiffclS.±b&. b§^ 
mH^fcJfc^T^ilK&ofei*. ««E-fcH;fc«ftt© 

m %*K?xv-7'®mi*.vmtit^-z3 o%©[Rj±a s 
[0057] mmm 2. m 2 ft/s^t, g&n&i 2 &k 

*9S«»Jl izjs^x, T*14Mlfe^7 r ^ 

bTT>K-:7GaNB©#i:U ;r*xftS#U 1 i: b 
fee ffiU T>K-7GaNJf3 4ftj**3-ii-.8l*©lB 
JP&8 0 Amfcbfco 
[0 0 5 8] ©SI 0 5 0°CT% JR*4fc::tf ;* c t 

MG, 7»> j e = 7 > ftJBW ^ij^#;*^>5 >#*ftffl 
V\ S ift3 x 1 0 1 8 /cm 3 K-7"bfeGaN^e> 40 

[0 0 5 9] SJgft8 0 0°Ct bT, JRJft^C 

TMG, TMI (M>*5SH"f >S?£A) SVTVtr 
7ftfflV\ ^•ymii^Z^^^HT.^m^. SiS5x 
1 0 1 8 /cm 3 K-7-bfc I n 0 . , « Ga,. „ . 

[0 0 6 0] Mz, fi*6S«rtS**#H»i: b, i&JK 
SlOSO'CtbT, I^tTMA, TMGM7 50 
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>t-7S:fl-\ 7>b*-7©Alo . i 4 Ga 
o.se Nft2 5 A©fflUP?lBft£-t!\ M^T, TMA 

xlO'Vcm" K-7"bfeGaNS2 5 A©JBIJPt? 
J5K«$*feo c:©«^$;2XSt 2 4 OlHli^f)i§LT, «g 
BUPl. 2 ^ m©SIS?«l<t 5§5nS^7-n-ll 
4^fi£S^#feo 

[0 0 6 1] JSJKl 0 5 0*CT\ Ifi^tTM 

G, T>iE-7%mi\ 7>F-7(!)GaNJ;!3%5n 

KB 1 5 ft o . i umommT-mmz-&tzo 
[0062] &tz, igjsft 8 o o'cku mmtztzy 

MG, TMIW7>tz7i&fflV\ ^Ftt«|if^fc:'>5 
>#*ftffll\ Sift5x 1 0' 8 /cm 3 K— rtfc 
I no . 02 Ga.. .a N«fc 9:fc?>^SBft5 OA© 
JHPT-fiEft^-e-fe. iB6V>T, S i Y — yco I n 0 . i s 
Ga,. os N<fct)&.g>#/5Jf £2 0 A©MJ?T-fiE^£ 
■tffc. £©»f1»£4ia«H»>SU itt^If^ill 
fc«l«M»3 3 0 A©#S*?#p*Jfi©«ttji 1 6 ftf£ 

[0 0 6 3] &tc, ®JK8 0 0°CT% J1*4^X^TM 
A, TMGStfT^^TftfflW ^ttUMf* bTC 
p 2 Mg (i^D^^S^^l/V^^A) ftffl 
V\ Mgftl x 1 0 2 0 /cm 3 F-7U&A1, . , 
Ga,. , NJ;»))feSpS^+^Tjil 7ft 2 0 0 A© 

[0 0 6 4] mz, s*ft i o 5 o'ctcbT, mux* 

tTMG, T>^-y%m\,\ 7> Y — ~7<D GaNiD 
SSpIiJ-f FBI 8ft 0. 1 //m©JKffT*fiK«$-a- 

fc 0 ;©pS^ Hi^ 7>K-7tbrii^ffc 

* J > pS+t-^ll 7*>5>©Mg©&S!({cit) > Mg 

x 1 0* 8 /cm 3 i:^!3pl^t. 
[0 0 6 5] SJK 1 0 5 0-CT-, ffi^tTM 

A, TMG2tD c 7 7 > ; E— TftfflW 7>H-7"©A1 
o . , < Ga, . 8 . Nft2 5 A©jg|JPT-fi£j|;*-e\ ft 
<^T, TMAft±«K ?«MXi:btCp 2 Mgftffl 
V\ MgftlxlO 2 0 /cm 3 K-7bfcGaNft2 
5A©iftrM^tfe. d©8M^**SC|»»)*b 
T> «gMffO. 6//m©S*&^|§jI«k DSSpI^?^ 
KB 1 9ftfiEft^-B-fe. 

[0 0 6 6] SSI 0 5 O'CT*, gfiif^CTM 

G, T>^B-TftfflV^, ^*6^fcUCp s Mgft 
MgftlxlO 2 0 /cm 3 F-7lfeGaNi 
!3 5fcSpS3>^i7 KB 2 OftO. 0 5/zm©MPT-fiK 

[0 0 6 7] fijfc»T«, SJ»S»rtt:*V^T^ 
ft^SR^H^,*, 7 0 0°CT-T^->; ><7ftffV\ pS 

JBSs&tfija»Mbbfc. 

[0 0 6 8] W±©«k-5 t bT»b«I**»tJE«*** 
2ft«tB**5fc«)K:pS3>^-^ HB2 0©-gP^S 
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[0 0 6 9] «±jfCDpMn>^^ 0© 

1. 5 ^mCD^ Y^J 7fi>t>te%s i 0 2 v^^ffM 
bfc. Si0 2 v**J|MfL RIESffll\ pS!<7 7 

>^£frt\ Ml. r/tt©2g?£g§ (U 

fcffiJJ&bfco 

[0 0 7 0]&f;: > pm^>#>7 hM2 0±£DU 
*®t3Ni/Au«t t)^§p{PJ««i2 3£* 
fcJ&fcbfc. —2k nS3>^i7 hjg3 5±©S?®fcT 
i/A 1 1. 1) fc 5 nftifi 2 2 b Tfclzj&m, L 
feo Ztib&MESm, *ti*ti*m& : SIS#8 0 : 2 
0©t!l^TN 6 0 0-CtT--'J>;7bTpfJ«fii2 3 
i: nflMta 2 2 ft^ft Lt, H$? fc*- ^ v 

[0 0 7 1] Si0 2 ^6ft«|g«JK2 1 ££Bi 

£ff?J&U pfJl*«i2 3®-a5i:niB!lS@2 2^^life 

T\ P««S2 3©-«fcn«*B2 2fc*fcH*ttfe. 
^©Si0 2 tt % *%>!II©3fetta*ffttfi©ftKttjK&zp 

[0072] pmm.utnmm.m£*BmLtz'>3L^<D 

U -v^rfflS (11-00®, Afttttt©|gftO«BBt 

[0073] mz, &mm>fttiiMwmwtz, 

««£JBV\ Z r0 2 loftEWJ»i:S i O 

2 * i e»*5^2©(£S*fM^^J5£bfc. "T", Sgl© 
fgS*fma^2©fiS*fM©JKP{i, 47 0 

At6 9 0Afife5. 3fcfi»««HifcH: % 
$mw.*m\\ Zr0 2 A^%5«SMU 
T\ Si0 2 tZr0 2 fc$SIC3^7«lbti|S 

*SiO a JBlfcZrO, JR©*UPtt, *ti**X» 47 0 
At6 9 0 At 4 7 0AT-&3o ^bT, Ittpfll 
ffifc¥ffft*lRnf, ^-«rW»fbTU— ff^tbfc. 
[0 0 7 4] mt>tltzU— tfSS^£fc-hS/>*fc:i&g 
U ^ft^ftOSffifc?^ Jjt>7*-f >^ut, gig 

«2. 2kA/cm 2 , b£WI«E4. 2 Vt, ^iS 

&ju o o nmommftrntimizzix, m^ant^mao 

ttt^X 2. OflgffclRLtbfe. bgVA 

*tjt^T3 o%©iqi±As*e.ti& 0 znz&mmfr 5 
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[0075] mmm3. wuz^tzstz, ststbT 

fflV\ MOCVDglC-bv hU fill 0 5 0°CT*1 
»*l»£b;fc. mzUM5 1 0-CCbT, t+iJ7^ 
m\ GaNJ;D)5:5^y77lS2 0 0ah>^ hv 

-AvmmT-mfkz-ztzo ^©», T^K-rfre.fcs 

10 G aNIS 1 0 5 0 'Cflf 2 0 /zmfM l£. 

[0 0 7 6] KftffliC^4rS/v;H«fi 
(HVPE) litt-nu Ga^^;^5|E#-h 

fGaCl 3 ft£j£U *CN^li:bt©7> : Er 
rif^tSiS**^ 7>h'-7GaNJ;5^5i20G 
aNJf & 2 0 0 //m©M/PT-j?J«£-tt-& 0 

[0 0 7 7] ikizSi \ t — 7frt>te2,nM&1b®%-m#. 
I3 5*?,i±l©pf3>^^ hjf 4 3 

x-ummmi tmmiz-rzx, 

20 [0 0 7 8] pi3>^ni4 3ST-SBMUfia 
[0 0 7 9] $e»{c»±jl©pMn>^^ hJi43©^ 

mt, mtm,tznm^>*t hm3 5(D±miz, m&co 
BttvTztzfrLT, vwrntya^mw-miz, *gi. 

5^mffl7,h7^7^?,*5Si0 8 ^^^^J5£b 
fe. Si0 2 V^^Jg^, RIE»\ p^^^^y 
HJ14 2i:pS^ K«4 1 t(D&mtti5:£X-^y^> 
30 ^*frt\ «1. 5//mffl^ b^^r«©a|t^ (ij 

[0 0 8 0] 'Jyi?Ma> Si0 2 

?>lcpSIfbW#fl;lcDSii:zrO ! i^^s^i 
©«iI6 0«Lfe„ C©^l©l6aM6 Ott, * 

•Tn{Pi|*fii5 iMmw&-?x*Lxmi(Dim&6 OS 

^b^«#il©^SfcfMbT*) «fcV^ Ms 1 ©i^M 
ny77-F7^ii:s«it^ pMn>^^ 
M4 3±CMU;SiO ! ▼****IPIHSU 'J 
10 7 ht7St«t t) S i 0 2 pS3 

43 (*e»tttnSl3>^^ hJB35jt) tafe^ZrO 

2 c:©zro 2 ii, ftKMmmmoumm 

bLxt>&misx\,yz>o 

[0 0 8 1] tepin>^^ h^4 3±©u vvmm. 

iSi:*l©tt«J«6 Ofc»bTNi/AuJ:»)36:*p« 

5 o h ^ >f rmzBsa b &. 

[0 0 8 2] -7?n^n>^y hjf 3 5±©«S 
t>*^l©$fi^JiS6 0©*®) CTi/Al £*)tjiZnW 
MM 5 1 b v Lfe„ 
0 [0 0 8 3] ZtlbZMm®. **l**l»JR : g**s8 
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0" : 2 0 ©*J-&Tn 6 0 0°CX7-->) >WX pflj« 
fil 5 0 i: nflJlS® 5 1 Sr^^b bT, &m**- 

[0 0 8 4] *tU-> ^eSB43i^f±5*fiS®{c U 
*h£^$U f2©«iI6 1 £LTS i0 2 tZr 

o 2 t<D%mm**ti?ti<Dmm&6 9 0 Ai:4 7 0 a 

T-3^Zjfi^£1-£o C©i:§, #£»Btt&?>*>b«>B 
f&ZnfcZ r0 2 tiS^VNT, Si0 2 tZr0 2 ©#Jf 

[0 0 8 5]|ftV>Tx l/^h«4U ^9^117 10 

liaxxrpmnmb o<&a^«t-5n > £&n<i!ifct^2© 

*&SiJ8l6 1 cd— gPii nfflOmM 5 1 £®5<fcd£ 1 o©x 
ST'NiA^fig-5S&»S^ 1 0 0 A, Tii^%^'J 
71S10O0A, AuS8 0 0 0AfflifT«l 

fee 

[0 0 8 6] ^?^^^^bb^>-rVN«to{C> * 

;i/ K ^ * - > h 5fe S «fc -5 tBW* & fc v ^ <fc -5 &(4g 

ymz-?x<> tvxituvx h*m*ft% cm\<D\sv 
*h . ishizmttt, minis** mcs io 2 , 

££>£Sg2©WS?;* b^JlEI-So MttTR I Eti 
•3, Si0 2 £^y^>^b££i;:MI*T:ty^><7a3 
©GaNlt77^ TA^UJ-rStT'R I E £ «fc 5 jc >> 
^>^1--S. «&i::^l©l^;*h-£|&5fe (mi<DUV 

[0 0 8 7] mzmmmmoi-— *rtamm^<±mic 

Wi^hfc^fcU X/iyt>mW.*m\ l \ Zr0 2 A»€> 
fcl>Sf§l©ffi£!!tJSI£:S i0 2 *>5>&53§2 ©{£,58*181 30 
S^n^ti4 7 0 Ai:6 9 0A©MJ¥T-^J5Eb, 
h*^5Sbfeo 

[0088] ^ bT> r-i Trntam^-o 

bfe. m<btitzv-ym : ?<Dft&&mMm 1 t«« 

[0 0 8 9] nMM* 

M 1 Izmir ««£:bTC®££a, ^'Jz^jB 

^AHfcTSIf 77-f T*K£fflV\ MOCVDSIC 

t-yfu Mm i o 5 o °cx 1 o ti-m ©t>-— ij - 40 

[0 0 9 0] ^CS$5 1 0-CtbTx UTtf^iC 
l\ GaN<fc9&S;W:7 7'Jl$:2 0 0it>7'7 h-P- 
aNJl£ 1 0 5 0°CT-MJP2 0 /zmT-ffiJi&bfe. 

[0 0 9 1] K^i^tr^^^^^jgg* 

(HVPE) SiCt^bU Ga^^M5^-h 
tJGaCla ££/?£U *tCN^jgi:bT©T>^- 50 
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^e.tc^^K-trv^^hbt 
^□Di"v> (S i H 2 C 1 2 ) iSX-^m^s Sib' 
-7GaNi!3^5S2©GaNiS2 0 0/*m©ffi|J» 

[0 0 9 2] ?>tlfe'j7i^-*S@©-tJ-7T1' 
7£5Jf®C<k !)I&*U SiK-7GaN*e,%5*«; 
S«t£f#;fc. *tSi K-7*7>e>&£n3^b^#a!|{*; 
13 5*>£«±S©p^:3>** hJ14 3£»TS£ 

^ h^-f^tcSttibfe. 

[0 0 9 3] $?>i:l±lOp^>^^M43©* 
ffli^ StBbfen^n>^^ M13 5©±®C F./t£© 
Wttfi(D~?7 7*-frLX. pSM»iftlC, il. 

5/im©7 h-^-f 7"A>£>oe3S i 0 2 -7* ^ £JfcJ$ b 

fe. sio 2 -vx'ywtm&L, RiE^v\ pii?7^ 

KI4 2tpS^ FJ14 1 i;©HWt3££T3iy^> 
^£?tV\ til. 5 jum(DXh5"( 7$XDmWiB& V) V 

[0 0 9 4] VviSBf&Vl, p3>^b^agWf©3lH 
{CZr0 2 «tt)5fe-5^1©f6i^M6 O^figbfe. C© 
Il©«60lt *fnfflllg5 1B1$,W*TX'? 
LTf 1 ©$SigiM6 0 Siftft*#»I©±Bi:ML 

SSlt, pln^i' bJ14 3±tffi£j5KbfcS i 0 2 
v*^ u 'J 7 h*7iS{c«tt) S i 0 2 fct 

J135±) Cfe5Zr0 2 &l^*bfc. COZrO 

[0 0 9 5] *CpS3>^^ h»4 3±©'J 
Bfc^l©«e^lK6 OtSLTNi/Aui D^pf 
m« 5 0 £;* h 7 rtttc^fig bfco 

[0 0 9 6] -*nl3>^ hB3 5±©*ffl Cfc«fc 
V* 1 ©«fiJ^M 6 0 ©«H) CTi/AUt))S;5nl 

[0 0 9 7] cn^^T^fiE^ ^ft^f-lSMS : S^*S8 
0:20©f!|-^T% 6 0 0-CT-T-— U >^bTpf!lS 
«5 0fcnflg«B5 l£*&fbl/^ A»^^--^>>^ 

2©»*fll6 1 tbT S i0 2 eMLt. 

0 t bT pfflDtt p S^b^#»g±©^ 2 CDttfcjN 6 
l*J:tfp«iaSI5 OJSoi^C *fcnffl|{i^2© 
MI6 1 ©-35i: n{PJj«<i 5 1 «k 5 £ 1 o©x 
?IT-Ni^e>J5E5S*®S: 1 0 OA, T i jfc&fcS^U 
71S:1 00 0A, Au5 8 0 0 0AcDlfT«l 

[0 0 9 9] ifet^^N^s i P-7GaN*Kflj*?. 

^*mm ( 1 1 - o oak A7%ft«©^g©iPii®{ctB^ 
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[0 10 0] &tc, A£#®*fetiJlMMKSiCs x;W* 
*«SflJt\ Zr0 2 *?6ft«jSl©i£KWJBti:SiO 

' ^l©f6H*fMi:^2©{gSWM©M 
JPBU -eft^ft, 4 7 0Ai;6 9 0AT*&So 

[oi oi] ^mwfj^a&T^ lt, atimm 

U }fe&*M!MBK Z r O 2 *»6fcifiMjRI:J&j5£U 
&<^T% Si0 2 i:ZrO, £ 3 ^TttJSbT 

«t^sio s jMtzro 2 mvmmiz, ^n^n, a 

7 0Ai:6 9 0Ai:4 7 0 AT-feS. •€■ It, ft&iCp 

[0102] n e.nfci'— tfjR^st— h^>^tu« 

tf*Jg*K»fc. 36fifc*V^Tb*^ 
«2. 2kA/cm\ b£V>fltS£E4. 2 VT\ 
i!4 0 0 nmOJft&ayEtfSigRSJ'U # #fcfcjt«t0!|© 
«£*©*^i:Jt^T 1 . 8ffiffc:iqLhb& 0 *fc N b#^ 

nsg&^-rxD— r^tt^i:jt^-r 3 o%©iai±# 

[0 10 3] HSte0iJ5 

0ifc^-r«k^tCv isiitci^m ^y^s 

•b'>hU MS 1 0 5 O'CT- 1 0^©it— v;i/^7 •; — 

[0 10 4] *fcfiflC5 1 O'CCUT, UT^t 

l\ GaNJ;»)%5Ay77l§2 0 0t>^hD- 

aNll 1 0 5 0-CT-MJS2 OAm««Lfe. 
[0 10 5] K^-f F&ffi^t:**S'-wwfell 

(HVPE)8IC*s»fU Ga^^;^5$#-h 

fOaCl s ££fi£U &fcN#x«ii;bT©:p>^ 

aN»*2 0 0^m©JBWT?J5R**#fc. 
[0 10 6] Si K— r*6fc*ngaKMMM» 

*i3 5^e,g±e©p^3>^^ hji4 3&&i&t& 
tx-izmmm 1 b& 0 

[0 10 7] pM3>** h«4 3*TJ*JBfifcU ffiffi 

jMn©ifg® i, mutzmm b to 

[0 1 0 8] SfetftJJiCpSin^^^ 3©|| ! 
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M©7^^§^bt, pg^b^jgflcJifc:, hi. 

&. Si0 2 vx^ftjj^ RiESfflu, pS^5^ 
HJf 4 2i:pl^-f Kjg4 1 J: ©#Btti£* 

mi. 5um<DZ h^J 7"^©a|E^SS (■,>;, 

[0 10 9] >J yy»js(MI, p££<b«¥«tt*©&iei 
tZr0 2 §4 7 0 A, ^e>(cSi0 2 £6 9 0Ai;Z 
10 r0 2 44 7 0 A(Dmfr&t>-&*3'<7b*mk.&m 

u ^i©$g^si6 oiife, c©^ i(Dmmm6 o 

tt» *r3fcttJW«*iS*v;**bTm©*»jK6 0* 
£Yb4MMI!tWi©£iBfc:JKjE8bT*fi<, *©*B^&1 
©tttMWKJEfcSU ^v7r-K7y»fca«bT» pi 
3>** hJB4 3±t»j«bfcS i 0 2 v^fcigfl^ 

M35±i:$szr0 2 £l&£bfc. 
[Olio] ©!✓$;;* ^^©^-/x-y-f x 

20 t^fc-g-T^-riV^U S6fc>>:c;\-±fflfcSi 
0 2 ^£&3v;x^£jfMU £££^©±t;:Sil2©^ 

h i © u i?x b t m tmx.x-^f> - - y y b 
fe. ^©t^iici/^hii mmmmm-ifitammm «t 

bT, SfSi0 2 SRIECi^iwf Si 
0 2 IfflBoSiO, fcRtefeU &i::fgl©l^;* b# 

StS©1?-7T^r*5miB-r^ST-^^^>^-t5 0 d© 

3i » ^ > ^ t «t *) B&mmm it mmmm «t *> & b^.« % 
30 y ^ y ©^rb%*«#ji «y ^ > «t t) m&an 

mmzmioDUis* 

h Z>ZtX\ Si0 2 ,l2ffll/i;xhffl? 

[0 111] ^Hiftfffl{R!lMa{3i5V>Ts ^*:< t 

£ f)A^-^>^bs *©±C7^s(^SStffll\ Z 
r0 2 tSi0 2 S^n^n^tti»^(Rl{c^bT, 4 7 
40 0Ah6 90AfflifeMb&. Iti^^hM 

ms-tzztr*, yttammmizzro* i:sio 2 *^ 

^RWiSStZ r 0 2 Si0 2 tZr0 2 
[0 112] fttCf s»7t ^ XC^t»tT^i'-= > 

[0113] ^««I6. ^u^fliitiatffi^K^jEK 

b**»ofeW^|±, *«6«?!l2i:|B]«©^^{cJ:?) N u- 
)0 U aaT?U-tf|Blfi*K*3fe. -e©^ 
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Hi; ^iglC^VT 2kA/cm 2 , b§V"> 

mmm 4 . 2vc, smeji 4 0 0 nm©^^* s eft 

>^tttt«01©f£#©*?i:Jt'<T2. 0{g£ 
[0 1 14] J£**0|. 3mMHttlI£^lttK£JI£Jft-fr 

-r, fro, *sw««iBt:«iijR*»j«ua*-3fcw^. 

!f#MB*lt»fc. *©«^ S«fc*^TL 
£VM62. OkA/cm J , OVT, 
3*}EifcJI4 0 0 nmCDi«ii!iI$n, £STfi*5£ 
##fr 1 0 0 0«FHW5Jl±ft^bfc. 
[0 115] 

A*«**?tt, ftttJMffiftlEil^ gHMf-'J 

©E±©*i©ffiEB*BK^ Zr0 2 , MgO, Al, 
0 3 , Si, N, , A IN, SVMgFi fr^Siftlfc 

v>-r nfr 1 *i©*r*4T-jiM tfe©T-, *d— 7%}&£m 

[0 1 16] *»W©Slft3tfUe»ix*l83fcJR : P' 
tt % £ 1 ©fiKMR^ Zr0 2 ,Si 3 N« , SVA 

iN*6atf*i&v^n*ia©*t»TfjKjESb» 

fc* * 1 ©<&EWJR©±fc, Si0 2 , Ala 0 3 , M 

go, st5MgF 2 *>&atfixfev^-rn36»i»*6ais 

*2©fiS»«(ftJBJ«-rs «k-5fcbfc©TS »**■?© 
f§*fi« ft cfc 5 iSto 5 c i: ifiX g S . 
[0 1 17] *SiOgft*^AlM^? 

#m*Mffl®i@£, M g o, ai, o* , MMgF 

1 fr£5I(£ftfcV>rftfr l«fr£fc3 lB©{gS»MSr 

[0 118] *»W©»b3tfUf>A*»3tJR? 
fcfc, ^S^fflil^ats Zr0 2 , MgO, Si 3 N, , 
A IN, OTMgF 2 fr£3Ifcfftfcv^-fftfr lflfr^fc 
SfcORftJBJttU fro, f!KflK©±ic.1£JB#r¥Jlfcffi 
H#r*Jifc*aESC«WilyTJ&*ISfi«Bt*»J«-i-*J: 
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[0 1 19] *^SW©^b^U>>A^*SR? 

*i-*2jpa±©<B£*MK#* ftfflttflM.a*&fi#r¥ 

tf!i:fi<45J;olciI$^ ^6tBltffi0^ia©it±© 
JBlOfifiMK*^ Zr0 2 , MgO, Al 2 0 3 , S 

i, N 4 , AlNMMgF 2 frt>miXtltc^-nxiP 1 
3fcfil*«aiBttt, Zr0 2 , MgO, s 

i, N 4 , AlN&tfMgF 2 fr£afc£ftfcV>r*lfr 1 
«fr£fc£<fcgMfr-JfcJ£;**i, fro, <SSJSI©±£ffiB 

So 

[0 12 0] *fc, #^J3©g<b#y £A^83fc3S^ 

ft, Si0 2 i:Zr0 2 T*ff£j&b;k©T\ fSH*M©,E 
*r*ft««)TtU^ftJ: D(nI±$-SSC.i:fr-C-Si.. 
[H®©®^*^] 

[01] **W©*Jfi©^JBlt:fR4afti# , ; i >A* 
20 IB3te)K?©4ISft#t1XAMia7ft«. 

[0 2 ] *«IB©&ffi©JI2ffi 1 fc«*ftfl3* U •> 

^^©nusftj^-j-fliscBfiaia-e**. 
[B3] *&w<7>nm(Dftm2izi%zmbjJV0A% i 

[04] *«WfflHlffl^l2i:^5lft^ U ^Af 

[05] flaEosift^y^ARis**?©*^*^ 

[#^©SiW] 

30 1,2 fcflsjff'j ^ASfS^*?. 11 GaNSi, 
12,35 nS3>^^M, 13,36 *?9>*R0 
itjf, 14,37 nS*5»FI, 15,38nlfi 
KB, 16,39 rSttJI, 17,40 P S#+-v7 
Iv 18,4 1pS^Fl, 19,42 p9*7tfl« 
/f, 2 0,4 3 pg3>**Hi % 21 «&«IK % 2 
2,51 nflMA, 2 3,5 0 pflJJSH, 31 *7 
T-iT&m, 3 2 My;7 7JS, 3 3,3 4 T> K— 
7GaNf, 6 0 g§ 1 ©*6#M, 6 1 *2©ffift 
fig, 7 0 ^HS®, 8 0 8 1 SB 

40 lcsftai, 8 2 m2(DRmm, 90 <£sbji, 91 
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